SUMMARY
The Broadband Institute of California (BBIC) and the Broadband Regulatory Clinic of Santa Clara Law (BRC) petition the Commission to expressly consider the needs of rural tribal lands in promulgating regulations regarding spectrum allocated for the development of 5G technologies, and encourages the Commission to work with prospective auction participants, broadband service providers and tribal communities to develop 5G use cases targeting rural and tribal needs. Presently, barriers to broadband deployment across tribal lands include geographical isolation, low population densities, difficult terrain, and political fragmentation arising from tribal governance issues. The first portion of this Comment explains these particularly crippling barriers. Enabling tribes with access to broadband connectivity can assist in combatting social problems that arise as a result of these barriers.
With regards to geographic isolation, access to healthcare and employment opportunities would improve, without the need for commuting long distances, as consumer markets expand.
The second section of this Comment describes the current intricacies of 5G, a developing fabric of technologies. Because 5G is being designed and developed for urban environments and without the consideration of rural areas, the digital divide is destined to increase on the current trajectory. In the face of a systematically persistent digital divide and in the face of insurmountable need within the tribal lands, we urge the Commissioners to consider the impact of 5G on current broadband infrastructure to decrease the digital divide. 
III. BROADBAND DEPLOYMENT CHALLENGES IN TRIBAL LANDS
The pronounced disparity in broadband availability between tribal lands and the rest of the United States persists in America due to low population density and low-income market. 5 However, in 2014 the FCC adopted a $100 million budget for deployment of broadband in rural America, designated to bridge the broadband access divide. Job opportunities for tribal residents are further limited by a lack of educational resources. A lower percentage of Native American students graduate from high school than students in any other racial group. 10 Broadband connectivity allows for a wider support system, access to tutors, and the ability to take courses or do coursework online.
Broadband connectivity would help solve many problems that are the result of tribal isolation and fragmentation. For healthcare, the potential benefits include increased access without the burden of driving long distances. For employment, broadband would offer increased access to jobs, and a greater consumer market both on and off tribal lands.
Tribal Nations cannot easily collateralize assets that are held in trust by the federal government, and cannot easily access investment dollars, so the ability to obtain credit and financing is limited." 11 Therefore, it has been difficult to fund small Internet Service Providers (ISPs) to service tribal lands. A large ISP is often the only option, resulting in high rates, strict 
Tribal Lands Have Low Population Densities and Difficult Terrain
Tribal lands are often in remote rural areas with rugged terrain. 15 Tribal lands contain approximately 20 people per square mile. 16 The cost of laying fiber in tribal lands ranges from an estimated $10,000 to $50,000 per mile, depending on easements and/or topography. 17 The potential subscriber base is very limited, and many of them are not able to afford market rates; as a result, major ISPs see no opportunity for a return on their financial investment. 
Tribal Lands Are Governed By Various Authorities
More than 66 million acres of tribal lands are held in trust by the U.S. on behalf of tribes. The complexity of conducting business on tribal lands has long been recognized, and various incentives have been put in place to encourage business partnerships and investments.
However, these incentives alone have not fostered the market for the kind of broadband deployment that is so desperately needed by many tribal land residents.
IV. 5G BROADBAND DEPLOYMENT PROPOSAL
For broadband deployment, tribal lands encompass both rural and urban demographics.
Rural demographics include rural tribal lands, as well as rural non-tribal land. Since tribal lands are primarily rural, 22 this argument focuses on 5G deployment in rural areas.
A. FCC Rural 5G Policy
The BBIC and BRC applaud the Commission's recognition of the importance of broadband access to rural and tribal lands, and its decision to set 4G LTE as the standard for service to those areas to "ensure that the to rural and tribal needs. 30 The BBIC encourages the Commission to invite bidders and existing service providers to develop 5G use cases that target the rural needs in the same way that it has invited comment on "establishing performance requirements for innovative uses associated with the internet of things (IoT)." 31 Quality rural use cases can reduce the need for future funding 32 and provide a forum for the industry and government to narrow the digital divide.
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B. Characteristics of 5G: Infrastructure and Technology
5G provides critical opportunities related to economic growth, education, employment, transportation, and healthcare. 34 5G will connect the predicted hundreds of billions of microchipenabled products that will comprise the IoT. 35 5G will use higher-frequency bands than previously thought viable. 36 Using wavelengths with higher frequencies presents its own issues. Though the spectrum can be reused, the millimeter wave signals travel best in narrow and straight lines. 37 Furthermore, working with higher frequency wavelengths leads to shorter transmission ranges, limiting the range to hundreds of meters, as opposed to 4G, whose range spans over kilometers. 38 Greater distance means increased cost of providing service. Also, 5G wavelengths are easily blocked 39 30 Scholars who have explored the use of 5G in rural and low-income areas suggest that 5G may be reasonably by common obstacles such as walls, tall buildings, trees, and even a person standing between two endpoints.
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The current proposed 5G network was conceptualized for an urban environment. 41 The infrastructure of 5G is still being developed, but several key technologies are laying the groundwork. Traditional cell phone towers are macrocells, or large towers with ranges in the tens of miles. In a 5G world, it becomes harder to use only macrocells because 5G technology uses higher frequencies and those signals have more trouble penetrating walls or traveling longer distances because an object is obstructing the signal. To combat this problem small low-power base stations, or small cells, are used to help redirect a 5G signal to a large cell tower. 42 Hundreds of small cells can be placed around urban areas to ensure connectivity, as small cells can make handoffs to each other, eventually getting the signal back to a macrocell. Alternatively, small cells that exist in areas that already have broadband connections can transmit the signal directly over the fiber backbone.
While small cells are cost efficient in urban areas, the cost is higher in rural areas that currently lack even a 4G connection. For example, to get sufficient 5G coverage, a rural 5G wireless service provider would be installing radios every 1,000-3,000 feet on towers and poles. 43 These towers and poles could be 5G small cells and may require fiber connections to the network backbone which may not exist in some areas. This contrasts with 4G, where towers can be anywhere from 4 to 15 miles apart depending upon terrain.
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In urban areas, there is no shortage of connections to the power grid. If you are deploying 5G in a rural area, a power grid may be unavailable or unreliable, and the power may come from other sources like sun, wind, or even manual hand crank power.
C. 5G Market Considerations For Rural Areas
5G will open markets in rural areas for access to increased capital and build incentives for better products in the market. Solving the rural 5G problem will help to open rural markets and provide opportunities to sell technological advancement internationally. IoT, for example, aims to "enhance connectivity 'any-time, any-place,' [and] for 'any-thing.'" 44 It will work better with access to rural areas among other places. Without improvements into 5G for rural areas, the benefits and profits of the 5G products will be limited. Without 5G in rural areas customers will lack the benefit of the advanced technology within the region, businesses would miss out on profits from the region, and citizens would lose a chance to participate in the advanced market.
Implementing 5G imposes financial challenges. First, 5G will cost more simply because it needs more infrastructure to reliably transmit on higher frequency signals. 45 User costs will rise in turn. For instance, current smartphones are not 5G compatible, so consumers will need to purchase new phones. 46 And the phone prices keep rising in the United States. 47 This poses a problem because as in emerging rural markets, costs should be kept as low as possible in the areas the Mobility Fund will be serving.
D. Proposal for a Specialized 5G Architecture for Rural Areas
Rural and low income regions, such as tribal lands, are often remote areas that lack both the access to power grids for electricity and the requisite finances to establish and maintain broadband infrastructures. 48 In assessing ways to combat the digital divide it is necessary to develop a specialized architecture that can handle these problems. 49 This can be accomplished through the deployment of 5G technologies in ways that are economically efficient and environmentally sustainable. 50 A specialized architecture would involve an alternative set of means to achieve widespread Internet connectivity. 51 Some of those include converged solutions, reusability of network components and functions, deployment of commodity hardware, exploitation of renewable energy sources, and usage of unmanned aerial vehicles (UAVs). 52 The utilization of this infrastructure will lead to reductions in capital expenditures (CAPEX). 
A Converged Solution
A converged solution seeks to optimize networks by managing services and components in a unified way. 54 Unlike current networks, which have created separations between the last mile, metro, and core, a converged network would operate them in unison. 55 Services would run on the same level of the network components rather than on top of the network. 56 Most importantly, the network provider also acts as the service provider, thereby maximizing its 48 Communications Workers of America, Speed Matters: Benefits of Broadband, SPEEDMATTERS (2010), flexibility in deploying its services and components across the network. 57 In rural and low income settings this flexibility will benefit the government, which is likely to be acting as the provider for both.
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Virtual Network Components
The standards of high bandwidth and low delays demanded in areas with widespread broadband availability are far less stringent in rural and low income settings which are concerned with basic availability. 59 Therefore, it would make sense to seek to virtualize network elements rather than using underlying hardware. 60 While virtualized components would not perform as highly as proprietary hardware-consisting of Base Stations, routers and computing nodesthey would make network deployment much cheaper. 61 Additionally, this would make network operation more economically viable and Internet connectivity far more feasible in rural and low income areas. 62 Through virtualization, most of the network components will use virtual functions shared among devices and managed by a central entity. 63 This can be accomplished through the softwarization of network and computing functions, which shifts hardware based functions to the software sphere. 64 By engaging in virtualization through softwarization, each of the virtual elements across the network can be reused multi-functionally across different physical devices and allow for efficient resource allocation. 65 Network and computing capacities are made more flexible, and can be allocated across the network where they are most needed or where energy sources are unavailable. 
Solar Power
Solar power may provide the solution for the absence of power grids in rural zones. 67 The solar solution, however, poses two issues: (1) the overall size of the solar panels and the associated costs and (2) the natural limits on energy consumption at night and during days with unsuitable weather. 68 Technical innovations should lead to cheaper and more efficient solar panels. 69 Management of the network could address these issues through energy saving policies responsive to the available power and differing traffic demands.
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